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(54) VARIABLE MAGNIFICATION OPTICAL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the deterioration of an image by dynamically 
correcting abberation or the like by providing a variable magnification refractive optical 
system and a variable phase distribution modulation element which changes the phase 
distribution of light wave to another phase distribution by diffraction phenomenon and 
also whose phase distribution variation amount is variable. 

SOLUTION: The functional relation of the chromatic aberration of a zoom optical system 
corresponding to the image formation magnification of the zoom optical system is 
previously stored at a chromatic abberation correction value arithmetic unit 103, and the 
unit 103 reads the magnification of the zoom optical system from the output of a 
potentiometer 102 and calculates the chromatic abberation of the zoom optical system 
from the functional relation. It is outputted to a liquid crystal phase modulation element controller 104, and 
voltage distribution realizing the distribution of a refractive index is applied to a liquid crystal phase modulation 
element. Thus, since the liquid crystal phase modulation element is used as a diffraction type phase distribution 
modulation element, the control of phase variation is electrically performed by the control of applied voltage to 
the electrode of the liquid crystal phase modulation element, so that the deterioration of the image is prevented. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Scale-factor adjustable optical equipment characterized by having changed phase distribution 
of a light wave to another phase distribution by the scale-factor adjustable dioptric system whose image 
formation scale factor is adjustable, and diffraction phenomena, and having the diffraction mold phase 
distribution modulation element the phase distribution variation of whose is adjustable. 
[Claim 2] Scale-factor adjustable optical equipment according to claim 1 characterized by using a liquid 
crystal phase modulation component as a diffraction mold phase distribution modulation element. 
[Claim 3] It is scale-factor adjustable optical equipment according to claim 1 or 2 which scale-factor 
adjustable dioptric system has 3 color-separation optical system distributed to an optical path which 
divided into three wavelength ranges consisting mainly of red, green, and blue the light which penetrates 
said scale-factor adjustable dioptric system, and is respectively different, and is characterized by 
preparing the diffraction mold phase distribution modulation element in each optical path of said 3 color- 
separation optical system. 

[Claim 4] It is scale-factor adjustable optical equipment according to claim 1 or 2 which scale-factor 
adjustable dioptric system has 3 color-separation optical system distributed to an optical path which 
divided into three wavelength ranges consisting mainly of red, green, and blue the light which penetrates 
said scale-factor adjustable dioptric system, and is respectively different, and is characterized by 
preparing the diffraction mold phase distribution modulation element in the preceding paragraph of said 3 
color-separation optical system. 

[Claim 5] Scale-factor adjustable optical equipment given [ of claim 1 to the claims 4 characterized by 
having the optical system which makes an image formation scale factor adjustable by being constituted 
by compound of a single lens or a lens group, and changing those spacing as scale-factor adjustable 
dioptric system ] in any 1 term. 

[Claim 6] Scale-factor adjustable optical equipment given [ of claim 1 to the claims 4 characterized by 
having the optical system which used at least one lens constituted from construction material whose 
refractive index is adjustable as scale-factor adjustable dioptric system ] in any 1 term. 
[Claim 7] Scale-factor adjustable optical equipment according to claim 6 characterized by using the lens 
using liquid crystal as a lens constituted from construction material whose refractive index is adjustable. 
[Claim 8] Scale-factor adjustable optical equipment according to claim 6 characterized by using the lens 
using EO ingredient as a lens constituted from construction material whose refractive index is adjustable. 
[Claim 9] The scale-factor adjustable dioptric system whose image formation scale factor is adjustable, 
and the scale-factor adjustable dioptric-system control unit controlled so that the scale factor of this 
scale-factor adjustable dioptric system serves as any value, The diffraction mold phase distribution 
modulation element the phase distribution variation of whose phase distribution of a light wave is 
changed to another phase distribution by diffraction phenomena, and is adjustable, Scale-factor 
adjustable optical equipment characterized by having the diffraction mold phase distribution modulation 
element control unit controlled so that this diffraction mold phase distribution modulation element has 
phase distribution of arbitration. 

[Claim 10] The information about relation with the phase distribution variation by the diffraction mold 
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phase distribution modulation element which suited negating the aberration generated in the image 
formation scate factor of the scale-factor adjustable dioptric system whose image formation scale 
factor is adjustable, and said scale-factor adjustable dioptric system is memorized beforehand. Scale- 
factor adjustable optical equipment according to claim 9 characterized by having an operation means to 
calculate and output the amount corresponding to the phase distribution variation by said diffraction 
mold phase distribution modulation element which suited, corresponding to said image formation scale 
factor. 

[Claim 11] The 2-dimensional detector which changes into an electrical signal the image in which image 
formation was carried out by the optical system of the scale-factor adjustable optical equipment whose 
image formation scale factor is adjustable, The image processing system which performs data processing 
to the output signal of this 2-dimensional detector, and detects the aberration of said optical system, 
Scale-factor adjustable optical equipment according to claim 9 characterized by having an operation 
means to calculate and output the amount corresponding to the phase distribution variation by the 
diffraction mold phase distribution modulation element which suited negating the aberration of said 
optical system, based on the output of this image processing system. 

[Claim 12] The information about the relation between the image formation scale factor of the optical 
system of the scale-factor adjustable optical equipment whose image formation scale factor is 
adjustable, the scale factor of the scale-factor adjustable dioptric system which suited realizing said 
image formation scale factor where aberration is negated, and the phase distribution variation by the 
diffraction mold phase distribution modulation element is memorized beforehand. It corresponds to said 
image formation scale factor. Scale-factor adjustable optical equipment according to claim 9 
characterized by having an operation means to calculate and output the scale factor of said scale- 
factor adjustable dioptric system which suited realizing said image formation scale factor, and the 
amount corresponding to the phase distribution variation by said diffraction mold phase distribution 
modulation element where aberration is negated. 

[Claim 13] The 2-dimensional detector which changes into an electrical signal the image in which image 
formation was carried out by the optical system of the scale-factor adjustable optical equipment whose 
image formation scale factor is adjustable, The image processing system which performs data processing 
to the output signal of this 2-dimensional detector, and detects the aberration of said optical system, 
Based on the output of this image processing system Scale-factor adjustable optical equipment 
according to claim 9 characterized by having an operation means to calculate and output the amount 
corresponding to the phase distribution variation by the scale factor of scale-factor adjustable dioptric 
system and diffraction mold phase distribution modulation element which suited realizing said image 
formation scale factor where aberration is negated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to scale-factor adjustable optical equipment equipped with 
the scale-factor adjustable dioptric system which has scale-factor adjustable functions, such as zoom 
optical system used for a video camera. 
[0002] 

[Description of the Prior Art] Scale-factor adjustable optical equipment is optical equipment equipped 
with the scale-factor adjustable optical system in which image formation scale-factor change of zoom 
optical system with the function to change an image formation scale factor continuously etc. is possible. 
The video camera generally used to television broadcasting etc. is an example of scale-factor adjustable 
optical equipment, is the object which photos the photographic subject of various magnitude or acquires 
stage effects, and is equipped with zoom optical system. 

[0003] Drawing 9 is the schematic diagram showing the configuration of the video camera as opto- 
electronics contact, Vo 1.23, NO.3, p30-35 and Vo 1.23, No.8, and conventional scale-factor adjustable 
optical equipment shown in p44-51, and is set to drawing. 1 — for 3 color-separation optical system and 
4, as for the blue channel camera tube and 6, the red channel camera tube and 5 are [ a body side and 2 
/ a scale-factor adjustable afocal system and 3 / the green channel camera tube and 7 ] zoom optical- 
system control units. 

[0004] The body side 1 is a field where a photographic subject exists, and is a virtual flat surface which 
intersected perpendicularly with the optical axis of the scale-factor adjustable afocal system 2. The 
scale-factor adjustable afocal system 2 is an afocal system to which a scale factor can be changed 
using the principle mentioned later. 3 color-separation optical system 3 is equipped with the prism 
distributed to an optical path which divided into three wavelength ranges consisting mainly of red, green, 
and blue the light which penetrated the scale-factor adjustable afocal system 2, and is respectively 
different, and the relay lens prepared for every optical path according to three wavelength ranges, and 
zoom optical system consists of combination of these relay lenses and the scale-factor adjustable 
afocal system 2. 

[0005] Hereafter, the optical path over these three wavelength ranges is called red channel, green 
channel, and blue channel, respectively. The red channel camera tube 4 changes into an electrical signal 
the 2-dimensional intensity distribution of the image of the body side 1 which penetrated the red 
channel and carried out image formation to the image surface. The blue channel camera tube 5 changes 
into an electrical signal the 2-dimensional intensity distribution of the image of the body side 1 which 
penetrated the blue channel and carried out image formation to the image surface, and the green 
channel camera tube 6 changes into an electrical signal the 2-dimensional intensity distribution of the 
image of the body side 1 which penetrated the green channel and carried out image formation to the 
image surface. The zoom optical-system control unit 7 controls the variant part of the scale-factor 
adjustable afocal system 2 according to the variable power signal by a user's input, and changes a scale 
factor. 

[0006] Next, actuation is explained. First the scale-factor adjustable principle of the zoom optical 
system of this video camera is explained. Drawing 10 is the explanatory view of the zoom optical system 
constituted with the scale-factor adjustable afocal system 2 of drawing 9 , and the relay lens of 3 color- 
separation optical system 3, and the focusing glass to which 8 carries out image formation of the 
photographic subject for a fixed scale factor, BARIETA which 9 changes magnitude into own image 
space, and carries out image formation of the image in which the focusing glass 8 carried out image 
formation to it, and 10 are compensators which carry out image formation of the image in which 
BARIETA 9 carried out image formation to infinite distance in drawing. Refractive power forward in a 
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focusing glass 8 and a compensator 10 and BARIETA 9 are lenses with negative refractive power, and 
the scate-factor adjustable afocal system 2 is constituted by the above focusing glass 8, BARIETA 9, 
and the compensator 10. Moreover, 1 1 is a relay lens with forward refractive power which is prepared 
for every channel of 3 color-separation optical system 3, and carries out image formation of the image 
in which the compensator 10 carried out image formation to the photo-electric-translation side of the 
camera tube. 

[0007] Hereafter, each lens is approximated to the thin lens which has refractive power phi as a 
parameter, and is explained in a paraxial field. Now, the case where a photographic subject is in infinite 
distance is considered. A focusing glass 8 carries out image formation of the image of a photographic 
subject to the focal plane. Moreover, BARIETA 9 carries out image formation of the image in which the 
focusing glass 8 carried out image formation to own image space. The image formation type of Newton 
about BARIETA 9 is expressed with a degree type. 
[Equation 1] 

xx'=-f (1) 

However, x is [ the distance from the backside focus of BARIETA 9 to the image surface and f of the 
distance from the before / BARIETA 9 / side focus to the body side 1 and x' ] the focal distances of 
BARIETA 9. The scale factor of image formation is expressed with a degree type at this time. 
[Equation 2] 

m=-x7f (2) 

Therefore, if spacing of a focusing glass 8 and BARIETA 9 is changed, x of a formula (2) will change with 
change of x, and a scale factor m will change. Next, if spacing of BARIETA 9 and a compensator 10 is 
changed so that a before [ a compensator 10 ] side focus may be made in agreement with the image 
surface location of BARIETA 9, it can consider as a strange afocal system with a good scale factor. A 
relay lens 1 1 carries out image formation of the image in which image formation was carried out to 
infinite distance by the scale-factor adjustable afocal system 2 to the camera tube. 

[0008] Next, the chromatic aberration of zoom optical system is described. The chromatic aberration of 
a single lens is generated, when it originates in the wavelength dispersion of the refractive index of glass 
and the refractive power of a lens changes with wavelength. In the zoom optical system which combined 
two or more single lenses, it has the chromatic aberration which compounded the chromatic aberration 
of a single lens. 

[0009] Drawing 1 1 is the explanatory view of chromatic aberration, and an optical path [ in / 12 and / in 
13 / a certain wavelength ] and 14 are the optical paths in the wavelength from which said wavelength 
differs in drawing. [ zoom optical system ] This chromatic aberration is expressed by addition of the 
chromatic aberration of each lens which constitutes the zoom optical system 12 like a degree type. 
[Equation 3] 

L = £ h ?- (3) 

Here, L is the amount of chromatic aberration of the zoom optical system 12, and hi. The height of the 
marginal ray which passes along the i-th lens, and nui The Abbe number of the ** material of the i-th 
lens, and phii It is the refractive power of the i-th lens. 

[0010] Height hi of a marginal ray [ in / inevitably / each lens ] since spacing of a lens is changed in 
order to make a scale factor adjustable in the scale-factor adjustable afocal system 2 as described 
above It changes. For this reason, if a zoom position changes in order to change a scale factor even if it 
designs so that the amount of chromatic aberration of the zoom optical system 1 2 may be set to 0 at 
intervals of the lens to one scale factor (lens spacing corresponding to 1 to 1 is hereafter said to a 
scale factor as a zoom position), hi will change and the chromatic aberration expressed with a formula 
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(3) will arise. 

[601 1] As stated above, it is impossible to perform achromatism in the zoom optical system from which 
spacing of the lens comrade who has chromatic aberration alone changes. Therefore, when each lens of 
the scale-factor adjustable afocal system 2 and a relay lens 1 1 is made into the lamination lens or lens 
group constituted with two lenses with which the Abbe numbers differ and it considers that each is an 
independent lens, achromatism is performed by distributing refractive power to two lenses or a lens 
group so that a formula (3) may be set to 0. That is, if it arranges so that the sum total of the amount of 
chromatic aberration of a lens group may be set to 0 so that a polarity may serve as [ the absolute 
value of the amount of chromatic aberration of two lenses ] reverse sense equal or, it is possible for the 
lens which does not have chromatic aberration equivalent to constitute the scale-factor adjustable 
afocal system 2 and a relay lens 1 1, and to perform achromatism. 

[0012] However, since the Abbe number of glass changes with wavelength regions, even if it constitutes 
each lens as mentioned above and performs achromatism, chromatic aberration remains (this chromatic 
aberration that remained is called secondary spectrum below), and, moreover, change of chromatic 
aberration takes place with the scale factor of optical system. 
[0013] 

[Problem(s) to be Solved by the Invention] Each lens which constitutes the scale-factor adjustable 
afocal system 2 in order to amend chromatic aberration since conventional scale-factor adjustable 
optical equipment is constituted as mentioned above, It is necessary to make each of a relay lens 1 1 
into the lamination lens or lens group which combined two or more lenses. And this sake, Lens number 
of sheets increased and the technical problem which the constraint on the design by manday and the 
increase in cost, the increment in weight, limit of the lens spacing adjustable range, etc. produces 
inevitably occurred. 

[0014] Moreover, since a secondary spectrum existed also as above lens configurations and the 
magnitude moreover changed with zoom positions, technical problems — degradation of an image is not 
avoided — occurred. 

[0015] It was made in order that this invention might solve the above technical problems, and it aims at 
obtaining the scale-factor adjustable optical equipment which general aberration including the chromatic 
aberration which changes depending on a scale factor is amended dynamically, and can prevent 
degradation of an image. 
[0016] 

[Means for Solving the Problem] The scale-factor adjustable optical equipment concerning invention 
according to claim 1 changes phase distribution of a light wave to another phase distribution by the 
scale-factor adjustable dioptric system whose image formation scale factor is adjustable, and diffraction 
phenomena, and is equipped with the diffraction mold phase distribution modulation element the phase 
distribution variation of whose is adjustable. 

[0017] A liquid crystal phase modulation component is used for the scale-factor adjustable optical 
equipment concerning invention according to claim 2 as a diffraction mold phase distribution modulatipn 
element. 

[0018] The scale-factor adjustable optical equipment concerning invention according to claim 3 prepares 
a diffraction mold phase distribution modulation element in each optical path of said 3 color-separation 
optical system, when what has 3 color-separation optical system distributed to an optical path which 
divided into three wavelength ranges consisting mainly of red, green, and blue the light which penetrates 
said scale-factor adjustable dioptric system as scale-factor adjustable dioptric system, and is 
respectively different is used. 

[0019] The scale-factor adjustable optical equipment concerning invention according to claim 4 prepares 
a diffraction mold phase distribution modulation element in the preceding paragraph of said 3 color- 
separation optical system, when what has 3 color-separation optical system distributed to an optical 
path which divided into three wavelength ranges consisting mainly of red, green, and blue the light which 
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penetrates said scale-factor adjustable dioptric system as scale-factor adjustable dioptric system, and 
is respectively different is used. 

[0020] As scale-factor adjustable dioptric system, the scale-factor adjustable optical equipment 
concerning invention according to claim 5 is constituted by compound of a single lens or a lens group, 
and is equipped with the optical system which makes an image formation scale factor adjustable by 
changing those spacing. 

[0021] The scale-factor adjustable optical equipment concerning invention according to claim 6 is 
equipped with the optical system which used at least one lens constituted from construction material 
whose refractive index is adjustable as scale-factor adjustable dioptric system. 

[0022] The lens using liquid crystal as a lens constituted from construction material whose refractive 
index is adjustable is used for the scale-factor adjustable optical equipment concerning invention 
according to claim 7. 

' [0023] The lens using EO ingredient as a lens constituted from construction material whose refractive 
index is adjustable is used for the scale-factor adjustable optical equipment concerning invention 
according to claim 8. 

[0024] The scale-factor adjustable optical equipment concerning invention according to claim 9 The 
scale-factor adjustable dioptric system whose image formation scale factor is adjustable, and the scale- 
factor adjustable dioptric-system control unit controlled so that the scale factor of this scale-factor 
adjustable dioptric system serves as any value, It has the diffraction mold phase distribution modulation 
element control unit controlled so that phase distribution of a light wave is changed to another phase 
distribution by diffraction phenomena and the diffraction mold phase distribution modulation element 
that phase distribution variation of whose is adjustable, and this diffraction mold phase distribution 
modulation element have phase distribution of arbitration. 

[0025] The scale-factor adjustable optical equipment concerning invention according to claim 10 The 
information about the relation between the image formation scale factor of the scale-factor adjustable 
dioptric system whose image formation scale factor is adjustable, and the phase distribution variation by 
the diffraction mold phase distribution modulation element which suited negating the aberration 
generated in said scale-factor adjustable dioptric system is memorized beforehand. Corresponding to 
said image formation scale factor, it has an operation means to calculate and output the amount 
corresponding to the phase distribution variation by said diffraction mold phase distribution modulation 
element which suited. 

[0026] The scale-factor adjustable optical equipment concerning invention according to claim 1 1 The 2- 
dimensional detector which changes into an electrical signal the image in which image formation was 
carried out by the optical system of the scale-factor adjustable optical equipment whose image 
formation scale factor is adjustable, The image processing system which performs data processing to 
the output signal of this 2-dimensional detector, and detects the aberration of said optical system, 
Based on the output of this image processing system, it has an operation means to calculate and output 
the amount corresponding to the phase distribution variation by the diffraction mold phase distribution 
modulation element which suited negating the aberration of said optical system. 

[0027] The scale-factor adjustable optical equipment concerning invention according to claim 12 The 
information about the relation between the image formation scale factor of the optical system of the 
scale-factor adjustable optical equipment whose image formation scale factor is adjustable, the scale 
factor of the scale-factor adjustable dioptric system which suited realizing said image formation scale 
factor where aberration is negated, and the phase distribution variation by the diffraction mold phase 
distribution modulation element is memorized beforehand. Corresponding to said image formation scale 
factor, it has an operation means to calculate and output the scale factor of said scale-factor adjustable 
dioptric system which suited realizing said image formation scale factor, and the amount corresponding 
to the phase distribution variation by said diffraction mold phase distribution modulation element where 
aberration is negated. 
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[0028] The scale-factor adjustable optical equipment concerning invention according to claim 13 The 2- 
dimensronal detector which changes into an electrical signal the image in which image formation was 
carried out by the optical system of the scale-factor adjustable optical equipment whose image 
formation scale factor is adjustable, The image processing system which performs data processing to 
the output signal of this 2-dimensional detector, and detects the aberration of said optical system, 
Based on the output of this image processing system, it has an operation means to calculate and output 
the amount corresponding to the phase distribution variation by the scale factor of scale-factor 
adjustable dioptric system and diffraction mold phase distribution modulation element which suited 
realizing said image formation scale factor where aberration is negated. 
[0029] 

[Embodiment of the Invention] Hereafter, one gestalt of implementation of this invention is explained. 
Gestalt 1. drawing 1 of operation is the block diagram showing the scale-factor adjustable optical 
equipment by the gestalt 1 of implementation of this invention, and expresses an example of scale- 
factor adjustable optical equipment with the zoom function applied to a video camera etc. In drawing, the 
body side where, as for 1, a photographic subject exists, and 2 are scale-factor adjustable afocal 
systems which make a scale factor adjustable using the principle explained in said conventional example, 
and are equipped with the focusing glass 8 shown in drawing 10 of said conventional example, BARIETA 
9, and a compensator 10. The red channel camera tube which changes into an electrical signal the 2- 
dimensional intensity distribution of the image of the body side 1 which 4 penetrated the red channel 
divided according to the below-mentioned 3 color-separation optical system 101, and carried out image 
formation to the image surface, The blue channel camera tube which changes into an electrical signal 
the 2-dimensional intensity distribution of the image of the body side I which 5 penetrated the blue 
channel and carried out image formation to the image surface, The green channel camera tube which 
changes into an electrical signal the 2-dimensional intensity distribution of the image of the body side 1 
which 6 penetrated the green channel and carried out image formation to the image surface, 7 is a zoom 
optical-system control unit (scale-factor adjustable dioptric-system control unit) to which the variant 
part of the scale-factor adjustable afocal system 2 is controlled according to the variable power signal 
by a users input, and a scale factor is changed. 

[0030] 101 is 3 color-separation optical system distributed to an optical path which divided into three 
wavelength ranges consisting mainly of red, green, and blue the light which penetrated the scale-factor 
adjustable afocal system 2, and is respectively different, and, in addition to having the below-mentioned 
dichroic mirror 105,106 and the relay lens 1 1 prepared every three optical paths as a configuration 
equivalent to 3 color-separation optical system 3 in said conventional example, is equipped with the 
liquid crystal phase modulation component 110 for every optical path. In addition, scale-factor 
adjustable dioptric system and the zoom optical system to which a scale factor is changed continuously 
in detail are constituted by the combination of the scale-factor adjustable afocal system 2 and 3 color- 
separation optical system 3 except the above-mentioned liquid crystal phase modulation component 110. 
[0031] The potentiometer which 102 is attached in the scale-factor adjustable afocal system 2, and 
detects and outputs the location of each lens, 103 reads the scale factor of the scale-factor adjustable 
afocal system 2 from the output of a potentiometer 102. The amount arithmetic unit of chromatic- 
aberration amendments which performs the operation about the amount of amendments of chromatic 
aberration which sets chromatic aberration in the scale factor of this arbitration to 0 (operation means), 
104 is a liquid crystal phase modulation component control unit (diffraction mold phase distribution 
modulation element control unit) which controls the phase change produced with the liquid crystahphase 
modulation component 1 10 with which 3 color-separation optical system 101 is equipped based on the 
output of the amount arithmetic unit 103 of chromatic-aberration amendments. 

[0032] Drawing 2 is the block diagram of 3 color-separation optical system 101, and is set to drawing. 1 1 
A relay lens, A dichroic mirror and 107 105,106 A red channel optical path (optical path), A blue channel 
optical path (optical path) and 109 108 A green channel optical path (optical path), 110 changes phase 
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distribution of the light wave to penetrate by diffraction phenomena, and is a liquid crystal phase 
modulation component (diffraction mold phase distribution modulation element) which is a diffraction 
component (optical element which changes the phase of a light wave by diffraction phenomena) the 
amount of phase changes of whose is adjustable. In addition, the same sign is attached about a part the 
same as that of the part shown in drawing 1 and drawing 10 , or considerable, and duplication 
explanation is omitted. 

[0033] A dichroic mirror 105 carries out the spectrum of the incident light in which much wavelength 
was intermingled to red channel wavelength and other wavelength, and a dichroic mirror 106 carries out 
the spectrum of the incident light containing the remaining wavelength ranges which carried out the 
spectrum of the red channel wavelength with the dichroic mirror 105 to blue channel wavelength and 
green channel wavelength. The optical path of the light of the red channel wavelength to which the 
spectrum of the red channel optical path 107 was carried out with the dichroic mirror 105, the optical 
path of the light of the blue channel wavelength to which the spectrum of the blue channel optical path 
108 was carried out with the dichroic mirror 106, and the green channel optical path 109 are optical 
paths of the light of the green channel wavelength by which the spectrum was carried out with the 
dichroic mirror 106. A relay lens 1 1 is formed for every channel of a red channel, a blue channel, and a 
green channel, and carries out image formation of the light of each channel to each image pick-up side 
of the red channel camera tube 4, the blue channel camera tube 5, and the green channel camera tube 6. 
[0034] Since the liquid crystal phase modulation component 110 can be made into the amount of phase 
changes which negates wave aberration, such as aberration by spherical-surface-like processing [ lens ] 
generated in the zoom optical system constituted by the combination of the scale-factor adjustable 
afocal system 2 and each relay lens 11, and aberration generated by lens spacing change at the time of 
a zoom, it can amend the wave aberration by the spherical lens or zoom position change. Moreover, if 
the amount of phase changes is given so that it may have refractive power in the liquid crystal phase 
modulation component 110, since chromatic aberration peculiar to a diffraction component occurs 
according to the principle mentioned later and the amount of chromatic aberration can moreover be 
made adjustable, chromatic aberration which negates the chromatic aberration generated in zoom 
optical system is generated in the liquid crystal phase modulation component 110, and it can also amend. 
[0035] Hereafter, the chromatic-aberration amendment by the diffraction component is explained. 
Drawing 3 is the explanatory view showing signs that the plane wave which carried out incidence to 
finite opening diffracts, and the plane wave which carries out incidence of 1 1 1, the shield in which 1 12 
has opening of a diameter D, the direction where, as for 1 1 3, a plane wave 1 1 1 advances, and 114 are 
directions where the primary diffracted light advances in drawing. The plane wave 1 1 1 which carried out 
incidence to opening of a shield 1 12 is diffracted at the edge of opening, and a travelling direction 
changes. Although the diffracted light can be expressed with the superposition of zero-order and 
secondary - the primary diffracted light [ n~th ], only theta which expresses the travelling direction 1 14 
of the primary diffracted light with a degree type to the direction 1 1 3 of incidence of a plane wave 1 1 1 
changes among those. 
[Equation 4] 

e=— (4) 

In the following, the change theta of the travelling direction to the direction of incidence of the plane 
wave of this primary diffracted light is called angle of diffraction. The formula (4) means that an angle of 
diffraction theta changes with the magnitude of the diameter D of opening. 

[0036] A diffraction component with the lens effectiveness can be constituted using the above- 
mentioned angle of diffraction theta. Drawing 4 is the explanatory view of the principle of a diffraction 
component with the lens effectiveness, and 1 15 is the shield which the annulus ring by the side of a 
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periphery constituted so that much openings in a circle might be arranged to concentric circular and the 
width of face Of an annulus ring might become thin in drawing. In addition, the same sign is attached 
about a part the same as that of the part shown in drawing 3 , or considerable, and duplication 
explanation is omitted. According to the formula (4), in the more nearly primary diffracted light by 
opening of a periphery, theta becomes large. Therefore, if the width of face of opening is chosen 
appropriately, the light diffracted by opening of the shape of each annulus ring can be converged on one 
point, and the lens effectiveness can be given. When the focal distance of this diffraction component is 
set to f, the width of face D of opening in a circle whose radius of a bore is r (r) is expressed with a 
degree type. 
[Equation 5] 

D(r> = A r (5) 

TrtarT 1 - 
f 

Since light other than the primary diffracted light which it is not condensed by one point and all the light 
that carried out incidence to this diffraction component diffracted to the common-law marriage by 
opening in a circle, the light (zero-order diffracted light) which is not diffracted, the light diffracted 
outside by opening, and the light absorbed or reflected with a shield 115 exist so that it may understand 
easily, effectiveness is bad. However, an activity of a diffraction component as shown in drawing 5 which 
gave the concentric circle annular unit (grating) to the front face of ** material acquires about 100% of 
effectiveness. In drawing, 1 16 is the blazed grating lens which minced the concentric circular grating on 
the front face of a transparence plate. In addition, the same sign is attached about a part the same as 
that of the part shown in drawing 4 , or considerable, and duplication explanation is omitted. Radius rm 
of the standup part of a core to the m-th grating It is expressed with a degree type. 
[Equa tion 6] 

r m =Vm 2 A 2 -f 2mfA (6) 

Here, lambda is wavelength and f is (the 1 -/refractive power phi). Moreover, depth I of a grating is 
expressed with the degree type equivalent to phase contrast Ixlambda of incident light. 
[Equation 7] 

(n-1) 

Here, n is the refractive index of ** material. 

[0037] With the blazed grating lens 116 constituted as mentioned above, although the desired refractive 
power phi can be acquired, an operation of this blazed grating lens 1 16 can be acquired also in the 
diffraction component which transposed the pattern of boom hoisting of the front face by the grating to 
the pattern of refractive-index distribution. The liquid crystal phase modulation component 110 used 
with the gestalt 1 of this operation acts as this type of a diffraction component. What is necessary is to 
consider distribution of the refractive index by the electric-field control in the liquid crystal phase 
modulation component 1 10 as the same distribution as the pattern of boom hoisting of the grating front 
face in the above-mentioned blazed grating lens 1 1 6, and just to give distribution of a refractive index so 
that it may have distribution of the amount of phase changes in the blazed grating lens 116, and 
distribution of the same amount of phase changes in order to realize an operation of the blazed grating 
lens 1 16 of drawing 5 with the liquid crystal phase modulation component 110. 

[0038] Drawing 6 is the block diagram of the liquid crystal phase modulation component 110, in drawing, 
1 17,1 18 is a transparent electrode and 1 19 is liquid crystal. In addition, a transparent electrode 1 17 is a 
conductive array mold electrode which was insulated electrically, respectively and was stuck on the 
front face of the liquid crystal phase modulation component 110, and can take the potential of 
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arbitration to the touch-down potential of the transparent electrode 118 which meets on both sides of 
liquid crystal M9. The potential difference between this transparent electrode 117 and a transparent 
electrode 118 is controlled by the liquid crystal phase modulation component control.unit 104. Since 
liquid crystal 119 has the property in which a refractive index changes depending on the electric field 
impressed, distribution of the refractive index in the liquid crystal phase modulation component 110 can 
be changed free by controlling the potential of a transparent electrode 117. Thus, the liquid crystal 
phase modulation component 1 10 is refractive-power phid of arbitration by giving, as the amount of 
phase changes by refractive-index distribution was described above since refractive-index distribution 
is controllable to arbitration. It has and is refractive-power phid. It can be made to act as a strange good 
lens. 

[0039] By the way, since the travelling direction theta of the diffracted light has a wavelength 
dependency by the above-mentioned formula (4), chromatic aberration occurs with the liquid crystal 
phase modulation component 1 10. Refractive-power phid Chromatic aberration Ld of the liquid crystal 
phase modulation component 1 10 which is a diffraction component which it has It can express with the 
following approximation generally used. 
[Equation 8] 

L d = h^ (8) 

Here, it is hd. The height of a marginal ray, and nud It is the Abbe number of the diffraction component 
defined by the degree type as a constant in a design wavelength region. 
[Equation 9] 



V d = , % (9) 



Here, it is lambdaf. The short wavelength edge of a design wavelength band, and lambdac The long 
wavelength edge of a design wavelength band, and lambdad It is the main wavelength of a design 
wavelength band. Therefore, refractive-power phid of the liquid crystal phase modulation component 110 
By making it change, it is the chromatic aberration Ld of the liquid crystal phase modulation component 
1 10. It can consider as an arbitration value. 

[0040] Although it becomes a repeat, the chromatic aberration L of zoom optical system can be 
expressed with a degree type. 
[Equation 10] 

L = X h ?~ HO) 

i V, 

It is hi here. The height of the marginal ray which passes along the i-th lens, and nui The Abbe number 
of the ** material of the i-th lens, and phii It is the refractive power of the i-th lens. Height hi of the 
marginal ray which will pass each lens if lens spacing is changed in order to change the image formation 
scale factor of zoom optical system It changes and chromatic aberration L changes as a result. It 
becomes the achromatic condition of chromatic aberration that the chromatic aberration which the 
chromatic aberration generated in the liquid crystal phase modulation component 110 and zoom optical 
system compounded is set to 0. 
[Equation 1 1] 

L d + L = 0 (ID 

Therefore, in case the image formation scale factor of zoom optical system is changed, even if the 
chromatic aberration L of zoom optical system changes, it is the chromatic aberration Ld of the liquid 
crystal phase modulation component 110. Since an arbitration value can be taken, it becomes possible 
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to always satisfy a formula (1 1). 

[0041] An exatnple of the actuation of the amount arithmetic unit 103 of chromatic-aberration 
amendments and the liquid crystal phase modulation component control unit 104 at the time of negating 
the chromatic aberration generated in zoom optical system by the liquid crystal phase modulation 
component 110 using the relation described above is as follows. The functional relation of the chromatic 
aberration L of the zoom optical system corresponding to the image formation scale factor of zoom 
optical system is made to have memorized beforehand, and in the amount arithmetic unit 103 of 
chromatic-aberration amendments, the amount arithmetic unit 103 of chromatic-aberration amendments 
reads the scale factor of zoom optical system in the output of a potentiometer 102, and calculates the 
chromatic aberration L of zoom optical system by said functional relation to it. Next, it sets at a 
ceremony (8) and the amount arithmetic unit 103 of chromatic-aberration amendments is the chromatic 
aberration Ld of the liquid crystal phase modulation component 110. Refractive-power phid or this 
refractive-power phid of the liquid crystal phase modulation component 110 which becomes equal to -L 
The amount corresponding to the phase distribution variation by the liquid crystal phase modulation 
components 1 10, such as distribution of a refractive index n to realize, is calculated, and this is 
outputted to the liquid crystal phase modulation component control unit 104. The liquid crystal phase 
modulation component control unit 104 impresses the distribution of voltage which realizes distribution 
of the above-mentioned refractive index n to the liquid crystal phase modulation component 110. 
[0042] As mentioned above, according to the gestalt 1 of this operation,' when each of the focusing glass 
8 of zoom optical system, BARIETA 9, a compensator 10, and a relay lens 1 1 is constituted from a single 
lens with chromatic aberration, the chromatic aberration generated in zoom optical system by all zoom 
positions can be negated, combination color aberration can be set to 0, and an image formation 
condition can be kept good. 

[0043] Moreover, since the liquid crystal phase modulation component 110 is used as a diffraction mold 
phase distribution modulation element, the amount of phase changes of a diffraction mold phase 
distribution modulation element can be electrically controlled by control of the applied voltage to the 
electrode of the liquid crystal phase modulation component 110, and the amount of phase changes can 
be easily controlled to accuracy. 

[0044] Furthermore, since the liquid crystal phase modulation component 110 is formed in each optical 
path of 3 color-separation optical system 101, in one narrow wavelength range to which it corresponds 
of the three wavelength ranges, that chromatic aberration may be amended can only suppress a 
secondary spectrum few, and each liquid crystal phase modulation component 110 can suppress the 
secondary spectrum in a full wave length band few by the liquid crystal phase modulation component 
110 prepared in three channels. 

[0045] In addition, in the above, although the chromatic aberration in a paraxial field was described, it 
cannot be overemphasized that it can amend based on the same idea also about the chromatic 
aberration besides a shaft. 

[0046] Although the amount corresponding to the phase distribution variation by the liquid crystal phase 
modulation c&mponent 110 was calculated in the amount arithmetic unit 103 of chromatic-aberration 
amendments in the gestalt 1 of the gestalt 2. above-mentioned implementation of operation using the 
functional relation beforehand remembered to be a current scale factor based on the output of a 
potentiometer 102 Instead, use the red channel camera tube 4, the blue channel camera tube 5, and the 
green channel camera tube 6 as a 2-dimensional detector, and the output image of these 2-dimensional 
detectors is received. Chromatic aberration based on an edge extract and its amount of dotage is 
calculated using an image processing system. An operation means to perform processing after the 
operation of the chromatic aberration L of the zoom optical system which the amount arithmetic unit 
103 of chromatic-aberration amendments of the gestalt 1 of said operation performs, and same 
processing is used. It is possible to make it calculate the amount corresponding to the phase distribution 
variation by the liquid crystal phase modulation component 110 which suited to negate chromatic 
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aberration, to perform the denial of chromatic aberration using the chromatic aberration calculated from 
the actual ima£e formation condition, and to always keep an image formation condition good. Moreover, 
it is also arbitrary to adjust the amount corresponding to the phase distribution variation by the liquid 
crystal phase modulation component 110 by manual actuation of a user. 

[0047] In the gestalten 1 and 2 of the gestalt 3. above-mentioned implementation of operation, although 
the liquid crystal phase modulation component 110 which established chromatic aberration for every 
channel in 3 color-separation optical system 101 had amended, you may constitute instead so that the 
liquid crystal phase modulation component 1 10 may be formed in the scale-factor adjustable afocal 
system 2 of the 3 color-separation optical-system 101 preceding paragraph. According to the gestalt 3 
of this operation, since it is necessary to amend chromatic aberration in a large wavelength range as 
compared with the gestalten 1 and 2 of the above-mentioned implementation, a secondary spectrum 
increases, but the liquid crystal phase modulation component 1 10 can be substituted for one piece, 
structure can be simplified, and cost can be held down low. 

[0048] In the gestalten 1-3 of gestalt 4. of operation, and the above-mentioned implementation, although 
the liquid crystal phase modulation component 110 was used as a diffraction mold phase distribution 
modulation element, as long as it is a phase modulation component adapting diffraction phenomena, what 
kind of phase modulation component is sufficient. Furthermore, of course, it is applicable also to the 
device using zoom optical system other than the above-mentioned video camera, and the device which 
has the scale-factor adjustable dioptric system which is not the zoom optical system to which a scale 
factor is changed continuously like the still camera equipped with for example, the lens both for looking 
far / contiguity, in this case, the scale factor from which refractive power differed, for example since a 
scale factor did not need to be continuously changed like the gestalten 1 and 2 of said operation — an 
eternal diffraction mold phase distribution modulation element is prepared for every position of a scale 
factor, what arranged them in the turret type is used, you may make it exchange turrets according to 
chromatic aberration, and the same effectiveness as the gestalten 1 and 2 of operation is acquired. 
[0049] Gestalt 5. drawing 7 of operation is the block diagram showing the scale-factor adjustable optical 
equipment by the gestalt 5 of implementation of this invention, and, as for a liquid crystal Fresnel lens 
(the lens using liquid crystal, scale-factor adjustable dioptric system), and 201, 200 is [ a liquid crystal 
Fresnel lens control unit (scale-factor adjustable dioptric-system control unit) and 202 ] computers 
(operation means) in drawing. Moreover, 110 and 104 are the same liquid crystal phase modulation 
component as what was used in the gestalt 1 of said operation, and a liquid crystal phase modulation 
component control unit. 

[0050] Liquid crystal Fresnel lens 200 can have the configuration which reset the ** material in a 
Fresnel lens with liquid crystal, and the electric field of the strength of arbitration can be impressed by 
impressing the electrical potential difference of arbitration with a transparent electrode. Since the 
refractive index changes with the electric fields which impressed liquid crystal as mentioned above, 
liquid crystal Fresnel lens 200 has a function as an adjustable twice lens. The liquid crystal Fresnel lens 
control unit 201 controls the refractive power of liquid crystal Fresnel lens 200 by controlling the 
electrical potential difference impressed to liquid crystal Fresnel lens 200. A computer 202 determines 
the scale factor of liquid crystal Fresnel lens 200 and the liquid crystal phase modulation component 110 
so that it may be in the condition that the image formation scale factor of the whole scale-factor 
adjustable optical equipment turned into the same image formation scale factor as directions of a 
variable power signal, and aberration was negated in the whole scale-factor adjustable optical equipment. 
[0051] Next, actuation is explained. Hereafter, the operation in a computer 202 is described. Although 
the chromatic aberration of zoom optical system is expressed with a formula (10) as mentioned above, 
the chromatic aberration in the dioptric system which is not zoom optical system can also be expressed 
with a formula (10). With the gestalt 5 of this operation, since liquid crystal Fresnel lens 200 is a single 
lens, if it constitutes scale-factor adjustable dioptric system from liquid crystal Fresnel lens 200, and 
Subscript r is used for a formula (10) to liquid crystal Fresnel lens 200, a degree type will be simplified. 



-13- 



[Equation 12] 

L = " (12) 

Here, L is the amount of chromatic aberration of liquid crystal Fresnel lens 200, and hr. The height of 
the marginal ray which passes along liquid crystal Fresnel lens 200, and nur The Abbe number of liquid 
crystal Fresnel lens 200, and phir It is the refractive power of liquid crystal Fresnel lens 200. 
[0052] Moreover, since the chromatic aberration of the liquid crystal phase modulation component 110 
is expressed like a formula (8) as mentioned above and liquid crystal Fresnel lens 200 and the liquid 
crystal phase modulation component 110 are made to rival without a clearance, a degree type is realized. 
[Equation 13] 

h r ^hd ..... (i3) 

Therefore, the formula (1 1) of achromatic condition is simplified by the degree type. 
[Equation 14] 

^ + 4l = 0 (14) 

Here, it is refractive-power phid of the liquid crystal phase modulation component 1 10. It is phir about 
the refractive power of liquid crystal Fresnel lens 200. The synthetic refractive power phi is expressed 
as follows. 
[Equation 15] 

3> = ^,+0, (15) 

Therefore, when a variable power signal directs the synthetic refractive power phi (it is in inverse 
proportion to a scale factor) from a formula (14) and a formula (15), it is phid by the computer 202. And 
phir It is calculated like a degree type. 
[Equation 16] 

0 d =<I> ^— (16) 

[Equation 17] 

0 =G> Yl_ (1 7) 

[0053] A computer 202 outputs the count result by the formula (16) and the formula (17) to the liquid 
crystal Fresnel lens control unit 201 and the liquid crystal phase modulation component control unit 104. 
As an output it is refractive-power phid in this way. And phir You may output and may make it output 
the amount corresponding to the phase distribution variation by other scale factors and liquid crystal 
phase modulation components 110 of liquid crystal Fresnel lens 200. It can consider as the condition of 
could carry out adjustable [ of the scale factor (1 / refractive power phi) ] to arbitration by the above, 
and having negated chromatic aberration in the scale factor of arbitration. 

[0054] In addition, Abbe number nur [ in / on the above and / by the difference in the mechanism of 
generating of the chromatism of the liquid crystal phase modulation component 1 10 and liquid crystal 
Fresnel lens 200 / a formula (16) and a formula (17) ] Abbe number nud Since it is far large, It sets in 
the synthetic refractive power phi of the whole scale-factor adjustable optical equipment, and is 
refractive-power phir of liquid crystal Fresnel lens 200. Most is determined. Refractive-power phid of 
the liquid crystal phase modulation component 110 Although it is small, it sets in the gestalt 5 of this 
operation. It is made in agreement with accuracy in the refractive power corresponding to the image 
formation scale factor a variable power signal instructs the synthetic refractive power of the liquid 
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crystal phase modulation component 110 as liquid crystal Fresnel lens 200 as scale-factor adjustable 
dioptric systefin, and a diffraction mold phase distribution modulation element to be. 
[0055] As mentioned above, according to the gestalt 5 of this operation, where the aberration in the 
whole optical system of the scale-factor adjustable optical equipment which consists of liquid crystal 
Fresnel lens 200 and a liquid crystal phase modulation component 110 is negated, the image formation 
scale factor in the whole optical system can be made into the same image formation scale factor as 
directions of a variable power signal, and an image formation condition can be kept good in all zoom 
positions. 

[0056] Moreover, refractive-power phid of liquid crystal Fresnel lens 200 Since the refractive power and 
the scale factor of scale-factor adjustable optical equipment can be changed by change, an image 
formation scale factor can be made adjustable, without being accompanied by change of the mechanical 
configuration of modification of the distance between lenses etc., and miniaturization and lightweight- 
ization can be attained. According to the configuration of the gestalt 5 of this operation, the single lens 
which serves as an image formation scale factor of arbitration where chromatic aberration is negated is 
especially realizable with liquid crystal Fresnel lens 200 and the liquid crystal phase modulation 
component 110. 

[0057] In addition, like the case in the gestalt 2 of said operation, calculate chromatic aberration in a 
actual image formation condition using a 2-dimensional detector and an image processing system, and it 
sets for an operation means. It can also consider as the configuration which calculates and outputs the 
amount corresponding to the phase distribution variation by the scale factor and the liquid crystal phase 
modulation component 1 10 of liquid crystal Fresnel lens 200 which suited realizing the image formation 
scale factor of arbitration where chromatic aberration is negated, and the same effectiveness is 
acquired. 

[0058] Although liquid crystal Fresnel lens 200 was used as scale-factor adjustable dioptric system with 
the gestalt 5 of operation, other objects may be used as long as it is the lens made from the 
construction material which is gestalt 6. of operation, and which can control a refractive index 
dynamically. For example, the lens (henceforth EO lens) using the department of EO (Electro-Optic: 
electro-optics) material may be used. 

[0059] Drawing 8 is the explanatory view showing the scale-factor adjustable approach of EO lens, and 
EO lens (the lens using EO ingredient, scale-factor adjustable dioptric system) with which EO crystal 
consists in 300 and a transparent electrode and 304 consist of the EO crystal 300, a transparent 
electrode 301, and a transparent electrode 302 in 301,302, and 303 are the sources of an adjustable 
constant voltage in drawing. In addition, the EO crystal 300 is fabricated by the plano-convex lens 
configuration, and is a crystal in which a birefringence (change of the refractive index by the direction of 
polarization of a light wave) is shown by the impressed electric field. Transparent electrodes 301 and 

302 are stuck on the front face of the EO crystal 300 with the bright film with conductivity. 

[0060] Next, actuation is explained. The transparent electrode 301 is stuck on the flat-surface side of 
the EO crystal 300, and is in touch-down potential. Now, when the electromotive force of the source 

303 of an adjustable constant voltage is 0, the refractive index to the linearly polarized wave of the 
arbitration of the EO crystal 300 is everywhere homogeneity. Next, since spacing of a transparent 
electrode 301 and a transparent electrode 302 is so narrow that it goes to a lens periphery from a lens 
core when the electromotive force of the source 303 of an adjustable constant voltage is generated, 
impression electric field become so strong that it goes to a lens periphery. The amount of displacement 
of the refractive index of the EO crystal 300 is proportional to the 1st power or square of impression 
electric field. As a result, centering on a lens, the refractive index of the EO crystal 300 is weak, and 
becomes strong by the lens periphery. Therefore, it acts as scale-factor adjustable dioptric system from 
which refractive power changes with change of the electromotive force of the source 303 of an 
adjustable constant voltage. Therefore, even if it uses the EO lens 304 in the gestalt 6 of this operation 
instead of liquid crystal Fresnel lens 200 of the gestalt 5 of said operation, the same effectiveness as 
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the gestalt 5 of operation can be acquired. 

[0061] as mentioned above , according to the gestalt 6 of this operation , where the aberration in the 
whole optical system of the scale factor adjustable optical equipment which consist of an EO lens 304 
and a liquid crystal phase modulation component 110 be negate , the image formation scale factor in the 
whole optical system can be make into the same image formation scale factor as directions of a variable 
power signal , and the single lens which can always keep an image formation condition good in all zoom 
positions can be realize . 

[0062] Moreover, since the EO lens 304 is used as scale-factor adjustable dioptric system, While 
refractive power is easily [ control of the electrical potential difference impressed to a lens can perform 
electrically control of the refractive power accompanying the refractive index of a lens, and it, and ] 
controllable to accuracy Since it can form only by beginning to shave EO crystal as compared with 
processes, such as enclosure, being required when liquid crystal is used for a lens, it can manufacture 
easily. 

[0063] If the gestalt 5 of the gestalt 7. aforementioned implementation of operation or the gestalt 6 of 
said operation is used, it is possible to also make it act as a lens which can carry out adjustable [ of 
refractive power and the chromatic aberration ] independently and dynamically. Therefore, it becomes 
possible to amend the chromatic aberration of arbitration in a relay lens etc., without changing the 
refractive power of a relay lens from a predetermined value, if this lens is applied to the relay lens in the 
zoom optical system of for example, the conventional example etc. 

[0064] In addition, in the gestalt of each above-mentioned implementation, although amendment of 
chromatic aberration was explained to the example, it cannot be overemphasized that it is what this 
invention is not limited to amendment of chromatic aberration, can amend general aberration dynamically, 
and can prevent degradation of an image. 
[0065] 

[Effect of the Invention] As mentioned above, the scale-factor adjustable dioptric system whose image 
formation scale factor is adjustable according to invention according to claim 1, Since it constituted so 
that phase distribution of a light wave might be changed to another phase distribution by diffraction 
phenomena and it might have the diffraction mold phase distribution modulation element the phase 
distribution variation of whose is adjustable While making it the image formation scale factor of 
arbitration according to scale-factor adjustable dioptric system, by the diffraction mold phase 
distribution modulation element Even if the amount of aberration which can change phase distribution of 
a light wave into another phase distribution by diffraction phenomena so that the image formation 
condition of changing in connection with the scale factor of scale-factor adjustable dioptric system may 
be kept good, and is generated in scale-factor adjustable dioptric system changes By making the 
amount of phase changes of a diffraction mold phase distribution modulation element into a suitable 
value, this is amended and there is effectiveness which can always keep an image formation condition 
good. Therefore, when each lens of scale-factor adjustable dioptric system is constituted from a single 
lens with aberration, aberration can be negated in all image formation scale factors, and it can consider 
as a good image formation condition, and as compared with cases, such as using each lens as a 
lamination lens, it is effective in the ability to aim at lens number of sheets, manday, cost, reduction of 
weight, etc. 

[0066] Since according to invention according to claim 2 it constituted as a diffraction mold phase 
distribution modulation element so that a liquid crystal phase modulation component might be used, the 
amount of phase changes of a diffraction mold phase distribution modulation element can be electrically 
controlled by control of the applied voltage to the electrode of a liquid crystal phase modulation 
component, and there is effectiveness which can control the amount of phase changes to accuracy, and 
can always keep an image formation condition good to it easily. 

[0067] According to invention according to claim 3, the light which penetrates said scale-factor 
adjustable dioptric system as scale-factor adjustable dioptric system Red, Since the diffraction mold 
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phase distribution modulation element was constituted so that it might prepare in each optical path of 
said 3 crolor-separation optical system when what has 3 color-separation optical system distributed to 
an optical path which divided into three wavelength ranges consisting mainly of green and blue, and is 
respectively different was used Since, as for a diffraction mold phase distribution modulation element, 
that chromatic aberration may be amended can only suppress a secondary spectrum few in one narrow 
wavelength range to which it corresponds of the three wavelength ranges consisting mainly of red, green, 
and blue, It is effective in the ability to suppress the secondary spectrum in a full wave length band few 
with the diffraction mold phase distribution modulation element prepared in each optical path of 3 color- 
separation optical system. 

[0068] According to invention according to claim 4, the light which penetrates said scale-factor 
adjustable dioptric system as scale-factor adjustable dioptric system Red, Since the diffraction mold 
phase distribution modulation element was constituted so that it might prepare in the preceding 
paragraph of said 3 color-separation optical system when what has 3 color-separation optical system 
distributed to an optical path which divided into three wavelength ranges consisting mainly of green and 
blue, and is respectively different was used Structure is simplified and it is [ that what is necessary is 
just to prepare a diffraction mold phase distribution modulation element in the one preceding paragraph 
of 3 color-separation optical system ] effective in the ability to attain low cost-ization. 
[0069] Since according to invention according to claim 5 it was constituted by compound of a single lens 
or a lens group, and it constituted as scale-factor adjustable dioptric system so that it might have the 
optical system which makes an image formation scale factor adjustable by changing those spacing, there 
is effectiveness which can constitute the scale-factor adjustable optical equipment which improved the 
image formation condition by adding a diffraction mold phase distribution modulation element to this 
using ordinary scale-factor adjustable dioptric system. 

[0070] Since according to invention according to claim 6 it constituted so that it might have the optical 
system which used at least one lens constituted from construction material whose refractive index is 
adjustable as scale-factor adjustable dioptric system Since the refractive power of scale-factor 
adjustable dioptric system can be changed by changing a refractive index in the lens constituted from 
construction material whose refractive index is adjustable, An image formation scale factor can be made 
adjustable, without being accompanied by change of the mechanical configuration of modification of the 
distance between lenses etc., and it is effective in the ability to attain miniaturization and lightweight- 
ization. 

[0071] Since according to invention according to claim 7 it constituted so that the lens using liquid 
crystal as a lens constituted from construction material whose refractive index is adjustable might be 
used, the refractive index of a lens and the refractive power accompanying it are electrically controllable 
by control of electric field, and since the refractive index of liquid crystal follows electric field at 
accuracy, the effectiveness which can control refractive power is in accuracy easily. 
[0072] Since according to invention according to claim 8 it constituted so that the lens using EO 
ingredient as a lens constituted from construction material whose refractive index is adjustable might be 
used While refractive power is easily [ control of the electrical potential difference impressed to a lens 
can perform electrically control of the refractive power accompanying the refractive index of a lens, and 
it, and ] controllable to accuracy Since it can form only by beginning to shave EO crystal as compared 
with processes, such as enclosure, being required when liquid crystal is used for a lens, there is 
effectiveness which can make manufacture easy. 

[0073] The scale-factor adjustable dioptric system whose image formation scale factor is adjustable 
according to invention according to claim 9, The scale-factor adjustable dioptric-system control unit 
controlled so that the scale factor of this scale-factor adjustable dioptric system serves as any value, 
The diffraction mold phase distribution modulation element the phase distribution variation of whose 
phase distribution of a light wave is changed to another phase distribution by diffraction phenomena, and 
is adjustable, Since it constituted so that it might have the diffraction mold phase distribution 
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modulation element control unit controlled so that this diffraction mold phase distribution modulation 
e f emen t has phase distribution of arbitration While making scale-factor adjustable dioptric system into 
the image formation scale factor of arbitration by control of a scale-factor adjustable dioptric-system 
control unit There is effectiveness which can consider as the suitable amount of phase changes which 
amends the amount of aberration which generates the amount of phase changes of a diffraction mold 
phase distribution modulation element in scale-factor adjustable dioptric system, can amend aberration, 
and can always keep an image formation condition good by control of a diffraction mold phase 
distribution modulation element control unit. Therefore, when each lens of scale-factor adjustable 
dioptric system is constituted from a single lens with aberration, aberration can be negated in all image 
formation scale factors, and it can consider as a good image formation condition, and as compared with 
cases, such as using each lens as a lamination lens, it is effective in the ability to aim at lens number of 
sheets, manday, cost, reduction of weight, etc. 

[0074] The image formation scale factor of the scale-factor adjustable dioptric system whose image 
formation scale factor is adjustable according to invention according to claim 10, Memorize beforehand 
the information about relation with the phase distribution variation by the diffraction mold phase 
distribution modulation element which suited negating the aberration generated in said scale-factor 
adjustable dioptric system, and it corresponds to said image formation scale factor. Since it constituted 
so that it might have an operation means to calculate and output the amount corresponding to the 
phase distribution variation by said diffraction mold phase distribution modulation element which suited 
By controlling a diffraction mold phase distribution modulation element using the amount corresponding 
to the phase distribution variation by the diffraction mold phase distribution modulation element which 
corresponded to the image formation scale factor of scale-factor adjustable dioptric system, and was 
calculated and outputted by the operation means The aberration generated in scale-factor adjustable 
dioptric system is negated by the diffraction mold phase distribution modulation element, and there is 
effectiveness which can always keep an image formation condition good. 

[0075] The 2-dimensional detector which changes into an electrical signal the image in which image 
formation was carried out by the optical system of the scale-factor adjustable optical equipment whose 
image formation scale factor is adjustable according to invention according to claim 1 1, The image 
processing system which performs data processing to the output signal of this 2-dimensional detector, 
and detects the aberration of said optical system, Since it constituted so that it might have an operation 
means to calculate and output the amount corresponding to the phase distribution variation by the 
diffraction mold phase distribution modulation element which suited negating the aberration of said 
optical system, based on the output of this image processing system By controlling a diffraction mold 
phase distribution modulation element using the amount corresponding to the phase distribution 
variation by the diffraction mold phase distribution modulation element calculated and outputted by the 
operation means based on the aberration detected using the 2-dimensional detector and the image 
processing system The aberration generated in scale-factor adjustable dioptric system is negated by 
the diffraction mold phase distribution modulation element, and there is effectiveness which can always 
keep an image formation condition good. 

[0076] The image formation scale factor of the optical system of the scale-factor adjustable optical 
equipment whose image formation scale factor is adjustable according to invention according to claim 12, 
Where aberration is negated, memorize beforehand the information about the relation between the scale 
factor of the scale-factor adjustable dioptric system which suited realizing said image formation scale 
factor, and the phase distribution variation by the diffraction mold phase distribution modulation element, 
and it corresponds to said image formation scale factor. Since it constituted so that it might have an 
operation means to calculate and output the scale factor of said scale-factor adjustable dioptric system 
which suited realizing said image formation scale factor, and the amount corresponding to the phase 
distribution variation by said diffraction mold phase distribution modulation element where aberration is 
negated By controlling scale-factor adjustable dioptric system and a diffraction mold phase distribution 
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modulation element using the amount corresponding to the phase distribution variation by the scale 
fa'ctor of scaleMactor adjustable dioptric system and diffraction mold phase distribution modulation 
e | emen t which corresponded to the image formation scale factor of scale-factor adjustable optical 
equipment, and were calculated and outputted by the operation means Where the aberration in the 
whole scale-factor adjustable optical equipment is negated, the image formation scale factor of the 
request in the whole scale-factor adjustable optical equipment can be realized, and there is 
effectiveness which can always keep an image formation condition good. 

[0077] The 2-dimensional detector which changes into an electrical signal the image in which image 
formation was carried out by the optical system of the scale-factor adjustable optical equipment whose 
image formation scale factor is adjustable according to invention according to claim 13, The image 
processing system which performs data processing to the output signal of this 2-dimensional detector, 
and detects the aberration of said optical system, Since it constituted so that it might have an operation 
means to calculate and output the amount corresponding to the phase distribution variation by the scale 
factor of scale-factor adjustable dioptric system and diffraction mold phase distribution modulation 
element which suited realizing said image formation scale factor where aberration is negated, based on 
the output of this image processing system Based on the aberration detected using the 2-dimensional 
detector and the image processing system, with an operation means By controlling scale-factor 
adjustable dioptric system and a diffraction mold phase distribution modulation element using the 
amount corresponding to the phase distribution variation by the scale factor of scale-factor adjustable 
dioptric system and diffraction mold phase distribution modulation element which were calculated and 
outputted Where the aberration in the whole scale-factor adjustable optical equipment is negated, the 
image formation scale factor of the request in the whole scale-factor adjustable optical equipment can 
be realized, and there is effectiveness which can always keep an image formation condition good. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the scale-factor adjustable optical equipment by the gestalt 
1 of implementation of this invention. 

[Drawing 2] It is the block diagram of 3 color-separation optical system of the scale-factor adjustable 
optical equipment by the gestalt 1 of implementation of this invention. 

[Drawing 3] It is the explanatory view showing signs that the plane wave which carried out incidence to 
finite opening diffracts. 

[Drawing 4] It is the explanatory view of the principle of a diffraction component with the lens 
effectiveness. 

[Drawing 5] It is the explanatory view showing the configuration of a blazed grating lens. 
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[Drawing 6] It is the block diagram of the liquid crystal phase modulation component of the scale-factor 
adjustable optical equipment by the gestalt 1 of implementation of this invention. 

[Drawing 7] It is the block diagram showing the scale-factor adjustable optical equipment by the gestalt 
5 of implementation of this invention. 

[Drawing 8] It is the explanatory view showing the scale-factor adjustable approach of EO lens of the 
scale-factor adjustable optical equipment by the gestalt 6 of implementation of this invention. 
[Drawing 9] It is the block diagram showing conventional scale-factor adjustable optical equipment. 
[Drawing 10] It is the explanatory view of the scale-factor adjustable principle of general, zoom optical 
system. 

[Drawing 1 1] It is the explanatory view of chromatic aberration. 
[Description of Notations] 

7 Zoom Optical-System Control Unit (Scale-Factor Adjustable Dioptric-System Control Unit), 101 3 
Color-Separation Optical System, 103 The amount arithmetic unit of chromatic-aberration amendments 
(operation means), 104 Liquid crystal phase modulation component control unit (diffraction mold phase 
distribution modulation element control unit), 107 A red channel optical path (optical path), 108 Blue 
channel optical path (optical path), 109 A green channel optical path (optical path), 110 Liquid crystal 
phase modulation component (diffraction mold phase distribution modulation element), 200 A liquid 
crystal Fresnel lens (the lens using liquid crystal, scale-factor adjustable dioptric system), 201 A liquid 
crystal Fresnel lens control unit (scale-factor adjustable dioptric-system control unit), 202 A computer 
(operation means), 304 EO lens (the lens using EO ingredient, scale-factor adjustable dioptric system). 



[Translation done.] 
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UTiftSItOTfS. £©3yfi©JBi8l TfflUTt^ 
SftiitefflltW*^ 1 1 0 «£©*-* ^(DMiRmf-tL 
T^fflT-5fe©T$>-5. 0 5©^^— XK^U— t->T > 
^>Xl 1 6©fPffl*iatflffiffl*WJli^ 1 1 OT^I 



TSfc&fctt. *iMfcfflX«*^ 1 1 OtC^ttS* 
WlC^-SB*?*©^*. Wifi©yu-XH^U- 
>^U>Xl 1 6K*5tt5£fU— 5^ >^*S©& 
/^->tH8«)»tiL. yi'-X^lz-T^ 
U>X1 1 6K:6tt*ffiffl«ft«©«-tf£:HU&ffl 
*©»^S»^ J: 5 KJB*r*©a-tf *-£*.tttf J:V> 
[0 0 3 8] 06 ttttil&ffiXMX? 1 1 0 ©«fig 
ElKiS^T, 117, 118«S9J«ffi, 1 

itm^x-$}^o mmnmi 1 7 
50 f 1 1 ow^fflt'^-n-enmaMirses^nTKo 



=T4 

«© 

>^ 

1 9 

PI SI 
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(7) 



U 

■tzmwrnmi 1 8 <Dm&m.mzMLT&m<Dm&z$i 
5it*«T*4. ^(Dmmmmi 1 7tgBjtt@i 1 8 

IBKOMffiSttSSaffiffiXW^WaSB l 04i:ioT 

sf^^ae^-rattRSri*^*:*. 3S93*b i i 7 ©m& 

affl#*©#tf*§ftK:«ft3-li- 

— n d~ 



[0 0 3 9] i^5T, @»rJt©JtfT*|fil 6 tt, JtBBSC 
(4) ictOKfittfiFttSfcoCTf, SUHBfBSSB*^ 
1 1 OT?HfeJRii#58±-f *. JB*r#<J>d *t>t3|HlSf* 

m » 6 n S TBB ©ififfi jfrTS^ £ £ # T £ 5 . 

[»8] 



(B) 



v d = 



VIST'S)*. 
[*9] 



(9) 



ft#tt©fittfi» A d ttKW»fi#*©4 , 'fc«fiT* 20 [0 0 4 03 fcOSLfcfc***, X-A#3t*©fiiR3 



*. ftoT. SKBffcffiaMMtT 1 1 0©JS8r#<t>d 
fb^-a-^^itciO. 1 1 0©.fiJRg* 



[gel 0] 



(1 0) 



i tti#10U>X©W«©7'y^». <f>i UiSS© 
U>X©JB#f X-/»3t*»©ife««***<k 
S-a-*fc«)KU>XmHS3B<t3-&*t. &U>X£fi 

L„ + L = 0 

ftoT, X-A3t**©«««**«fl;Sii-*IKfcX- 

i o©£jRML d a fc*. a 

(11) tti:S£T2iiiMiiS5. 
[0 0 4 1] etifcjStfcHff&ffltiT. X— A3E3MR 

01T-6ffiTIB©, feiRg1IiIE*«J|E£« 1 0 3iSJ:tftt 

AfiE^aaematE'F-iHWP&s 1 o 4©»fp©-«tt, ar© <<> 

«t5ftfe©T«*. 64K£WlES«[ffSB 1 0 3\Z\t, 
X-Att¥*©IS«ffi*fc»JSUfcX-A3fc¥#©eiR 

ssL©HSkn«*»e*»i;i£>Kits-a-T»o, e^utt 

IE»§Cg£!Bl 0 3«#x>va*-* 1 0 2©ffla*> 
&X-Aft¥*©f&*£tt*£D. mfffiMS&cHStfcKckO 
X-A3fc¥#©feJRSL£iMST4. *4C. feiRSffllE 
1 0 3 «jC (8) fc*^TttB<fcffi*IB* : ?' 
1 1 0©feJRHL d *<-Li:91/<a:««t5ft*Mffi 
*WI*-? 1 1 0©/S#T*)4>d< *fctt£©JBWa<J>d * 
*^T-5H*f*n©^*^©, ttaffifflXWSR'f 1 1 0 so 



CSt 113 



(l l) 



sffiffiSEP^ftdwsa i o 4tcas^-ra. ttA&ffl£ 
mm^ummmi o 4«> MjB©jHw#n©#*s2S3! 

[o o 4 2] ^±©<tei»:> z\<Dmt&<DMmi i:±n 

fcT, X-A3t^©7*-*x>i/U>X8, A'Ul- 

^9. zi>^>-fe— ^io, ui/-u>xi lctn^* 

n*ftJRSSfct3*U>XT«lri6bfc»^KfeliT>b. 

^:T©X-A*v->3>T"X-A7t^tC*5^T^^U 

[0 0 4 3] HtfSffiffitffcgBISK^fcLTftll 
(fcffliMHR^l 1 Ofeffl^T^*fc«>. lHl»rSfi[ffi»^ 

«w*^©ttffl*fls«©fflfps. ma&ia&mx? 1 1 

0©««^©HlJia«EE©ftHHwJ:0«SlWK:ff3c:t** 
T#, *SK*»oiEfllfc<fcffi«fl:«©*!l»*fT3 

[0 0 4 4] Se>K:. ttiMlffiSCHSR^l 1 0*', 3 6 



13 

»*3t** 1 0 1 ©&3fc8K&ttTH5fcii>, 
ffi^iff 1 1 0tt3OCDiSfi*O5 6O»J6t5 1fi 

[0 0 4 5] ft*. _hfBtCi5^Tte. ifi*MS*fc:*5»*a 

[0046] hjs©j£<s 2 . ±&mi&<t>M& i t^^x 

f>->3 i o 2 <Dta,ti$:mzLrz%i&<Dfemt^> 
on, fa9-*r>*)iffim ! g4, fft>^mif 5, 

eiRSoawijtsfT^. mmmm^mm i ©fijRSttiE* 

jlggll 0 3#fT3X-A3fc36*©6JRf£L©8tJ*Ell 

sjT^^rta^bfciftftffitt*!!*'? i i on^e 

ffifl-**fc*fc#eTS*£«*-r*<J: 3 tc Life «t 

mT~&%. m^n^mm^i i 

«fc 0 WISEf * «fc -5 (C T * - t "b ffi&T * 3 . 
[0 04 7]il©Ii3. ±B3*lfi©»S8l*«fct^2. 

©m^Bl^7 7*-*;p^2fratffififfi^PI3R ; pl 1 0 
ntf. ±E*JfiO»!Bl*«fctf2iJtttL/TlE^ttfi* 

iamr***. m^am^mm^i i o£ nBTg^-r- 
[0048] m&©jgag4. St. ±e^Jfi©»ffiia» 




cct, ntm^ B y]y^)v^>X2 o oofeiR^ft, h 

v r 7 l^^JH/ >X 2 0 0 ©7 7 ^< <J> r f;M£ 



(8) 

/</ 

^gg^. 0d*.tf. 3iS-ifi«flSffll'>X£fli*.fcX'5 t >r 

©x\ wAtfjasf*©a*tj-fcfli*^SE©iajfS!(ii[ffl» 
io h&sz&-r%&oizLTb£.<. ^mommas 

[0 0 4 9] HSS©^5. 0 7«3©%B^(DSISS©^ 
*5K«fc*tt*Pj«ft¥g«S*-f*JSB-C»?>, Hi: 
fct^T. 2 0 OtiS^H? U^)VU>X (iSHSffll^fcU 
>X. f»spT>IgJBJfr3fc¥*) . 2 0lB«!iS7l/*JH/ 
>X«WS« (ffif*iiI*JB*f***iWII8«) .202 
ttfUHS T*&3. *7c. 1 1 0:fcJ:tf 1 0 

4 fctfufBUSE©^ 1 tc43^Tffl^fct)©t|SI#©?«S 

20 [0050] JSft7U^;i'U>X2 o o\%yv^)wy 

ffi t J: 0 ft it ©«JE * EPfiOf -5 ' t C J: 0 ft* ©3* 2 © 
)WyX2 0 0»i?iaE«U>XtUT©«ffi*«ft3. $t 

v^)wyxum^W2 o 1 BiS7i/4;i/U>X 
2 o ofcEpjn-rs^jEssiJSi'rsiitfr.toffis^u^. 

;H/>X2 0 0©JBSf**WWrS. ffl-**2 0 2tt. 
«*W*3tt*S«±#©ilS«ffif**qEffif«^©Jfi*tR 
so -©*S««MS£fcD, fro. «*Pl*3tt*S«^#fc* 

jh/>X2 o o&zf&ikim^mmj- 1 1 o©«*s» 

[0 0 5 1 ] *l:Mt^l>TRflt4. JWT. W-JS* 
2 0 2fc£tt5iRJN::tH»Tj£'«*. X-A3t**©fe 
iR^«BUKE©J;'5lciC (l 0) T*Sttaa*. X-A# 
*3RT?*t»Bilf>t**K*»t'66'R^ , bSC (10) Tjft 

io S7U^JI/U>X2 0 0 IJ*U>XT*50T, ^ (1 
0) (4. Sti7l/^U>X2 0 0l:^lTi¥r*ffl 

[»1 2) 



Cl 2) 

S71^4.;H^>X2 0 0©BJ»f73T'afe-5o 
[0 0 5 2] S/t. atfiffitB*!!!*^ 1 1 0©feiRS« 
so taai©J:5tciC (8) ©ct^tcg^n. 



*#W¥9-318909 



(9) 

15 16 

>X2 o o tmgkim^mm^i i o\mmm<m<0'& *[$u3] 

h r *=?hd (13) 

tot, &ffiL3it¥<D& (1 1) WAmzffittSitUn * [tl4] 
3. * 

^- = 0 .-.'--(14) 

cizit, ^^•fiffi^P^'f l i 0©B#T?j<i>d £*S7 ★®i5(:*^n?>. 

k^;i/l/>X2 0 0 <DW$\-h*<b x ©£j£B&t# IS15] 

* = ^+0, (15) 



foT, S (14) (1 5) 

#jSJB*r*i* (ffiF*KEJ*W £»*bfc£S, H-JEM 1*16] 

2 0 2 lc:J;D <j> d ;fc<fctf<J> r ^Srojc^tCBt^Sn tV 



= <&. 



(16) 



[«Cl 7] 



0 r = 4>- 



( 1 7) 



[o o 5 3 3 o 2 a. (hi &sxs- 

S(17) KJ:atHMg**«ft7U*;H^>XWIIS 

i2oi, m^nm.^'aMmmi-wmm.m. 1 0 4 tern 

£W7JbT*>,k^U ffi©, WL§i7U*)lU>X2 0 0 
co{&^£J:Z*?&Jl&tB^I8*tTl 1 0l:±4ttffi»*JE 

zomm (i/jb*t**) sttxnuar*, 

[0 0 5 4] ft*. K±H*U»T, SififflfUf^l 
1 0 iii7l/^U>X2 0 0 <D&ftm<Dm±<D 
-XAOjt^t.kOiC (16) i5<fctf5£ (17) tCi^t 

a7Wu>X2 0 o©B#T?j<i> r ^¥5Mtt 
£©*M©Mi5 tist^Tte. fS*pJ&B#f3£¥Si 
W*^iLT©«liffiffl*W* : F'l 1 0©£J5£B*t7J 

[0 0 5 5] £t±©J:5tC, CO*16(0»!B5t<fcn 
fcf, «ffi7U*;H^>X2 0 0*J:tf«fifltfMgW* : ?' 



so 



[0 0 5 6] fSS7l^^;H/>X2 0 0©B#r73 

£ <b/^T£57c#>. U>XfW©K8l©^M 

*.)vv>X2 0 0 ttsafiffixn*^ 1 1 otc<fco. e 

[0 0 5 7] ft*. fflKH!fi0>»tB2fc:£tt*»^iH 

strjS-&bfc»?ffi7U^;n^>X2 0 o©fg**5J;^ 

WbflS. 

[0 0 5 8] IUS©J£SI6. ft*5. 3aS©»l8 5Tttffif 
*itf£HWft ! 9 fe *i:UTttft7U*;l'l'>X2 OO^ft 

ffl b bst* * tbw (c$)Jwt tr * ««t"f s nfc 

lectro-Opt ic : «a3t*) JtmSfiSofcU 
>X (ETFEOl^Xt^S) S«fflLTt>«kH. 
[0 0 5 9] H8 ttEOI/>XOft*«IJ*ffiSSTK 
9iBT*»), BC*^T. 3 0 0(JEO3£S. 3 0 1, 
3 0 2 ttSQUttS* 3 0 4»EO|ga3 0 0.- sw*a 
3 0 1. i5«fctf&9i«ffi3 0 2*^4EOU>X (E 
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(10) 

17 

CXmS/BUfc *g*PlS£JB#fft¥*) > 303 
tt?ia53t«ffiiRT**. fcfe, EO^i3 0 0IJ¥fll/ 
>XMMKKjSJ§*SftT:&0. WinSnfc**KJ:r3T* 
JSJff (3fctt©««#6H;:J:5JS*r*©a£ft;) SSTteft 

SHJ*ffi3 0 1*3J;Z>*3 0 2(J#tttt©*^iS 

[ 0 0 6 0 ] ^TlftS. SBJSffi 3 0 

iiiEo^3 o o©¥ffi«fcSBttttTa 

^. pJ3E3e«ffi«3 0 3CDiB«**«0©t#E 
O&iH 3 0 0 ©e«ODE*«afeK:^T*JBifr*tt^fc* io 

*{CpI^S*EE^3 0 3CDjg«#£ 

5S^s**t, 3 o i tmmmm3 o 2 tow 

<mmmmti'>xmmmz^< tzz>. eosss 
300 ©ja^©^fi*«EPi)nm#© 1 m&tc\z 2 stc 

JfcMT*. )S*ibT. EOJSS3 0 0OH*f*3&*U> 

x<Hycp<, i^>x«awcai<fta. fct, mag 

5£ttffii!I3 0 3®jS«*©aEft;m:r3TJB«f*©aEfl;"r 

*«*i!i*jB«f3t*3RtbTffffl'-r*. Sot, mmm 

1&<DMW t 5(Dffi.g ! a 7U*)l<U>X2 0 0 Oftb 0 tC £ CO 20 

[0 0 6 1 ] JW±©«t^(C, ^©Hffi©^6 t' J:n 
fcf, EO!/>X3 0 4i5i^jgfifeffi^S J Pl 10* 

^©»jSfcH— ©IS0H»*£t^6£i:**T?#, $>e>t$S 
t*«Ifl6:*U>X*^-r*Jii*«T#*. 

[o 0 6 2] sfc, femvi%tmmyt¥%: ti,TEou> 30 

X3 0 4£fflHTV>££«>, 1/>X©JS#t^*> J: O^n 

m'fflZ'noz.trfT'^Zttblz. U>X\zffi.M>&m^ 
fc«£KB3tA«©Ig#&BT**©£Jfc«^T^ E 

o<ga*fflDarr©*T»j*t^s;ii]&*T*4fc»&, is " 

[0 0 6 3] £%©Jgffi7. «HBHJfi©»JB5*fcttW 
Bf£SS©JBJB6£flll>*£, JSSr* 

3t^*K*»t*»j i/-i/>x^i*tcigffl-rn^ u v- 

U>X©JB»rt*ffi3£«J&»S3fcfl:S-a-S£££<. ffi* 
©fi JRM * U U - U > X K 43 1 »T» jE-T S d t fc i* # rI 

[0 0 6 4] fc-fe. ±BBft*Jfi©^«C*^Ttt. fiiR 

*IIEK:lB5£Sn*fc©T?ttfc<, JRIS-jRSl&MKJiijE 
UTtffl*fl:*K±t5 H t**TS* t>OT?** d t tt 



[0 0 6 5] 

tf, *©ti^##£fc*^«T?**l3SrS!&ffi 

mmft^mzk v ftmcD&mmmz-tztt %iz, est 

SMtffl^JE«* J 3 t K«tt), ffif*iiJ3EJBSr3fc¥*©«* 

«£fc*^Tfc£T©l£*«*K:6V>TJK££iT5iBL 
TAffft*Sttt«it4 r t A«Tt. *l/>XSSt)^ 

*3*u>XK:-r**©«^tJt«LT, U'>xtfc«c, x 

[0 0 6 6] W*3B2aa*©*WKJ:ntf. lelSfSfiffi 

[0 0 6 7] »*3@3BiE©56MJCJ:ntf, fS^oJ^S 

m. W&*&frLfc3O<0«fi#K#«LT#*Ji 
ft-3fc3tttfciB0»»t* 3fe»*f3tt***Wr*t)©* 

*3fc¥*©&ft»KiM**«fc3fc«J>£Lfc©-e. IUSt^ 
fiffi^aEW^tt, ft. #*»f'£.»iUfc3t3©» 

fiff©5*©»*r* ie©*v»iftfi#t*v>TejRS 

T?#-5fc». 3fe^7 i e^^© ; &7 , ess{c^^e.nfc[5igf 

[0 0 6 8] »*5l4BB«©f8W»C<fcn«, fg^Bl^H 

w*+^tbfc3o©«fi#n»tiUT#*ji 

*3tt**©ll9aK»tt4J:5C*!^L&©-C, Htff^fe 

ffl^***^* 3ft«-»3t**©maiciflK^*fc* 

[0 0 6 9] W*«5IB«©»BJtCj;n«. {g^oI^B 
Sf3tt**tbT, *U>X*fcttU>X»©«#CJ:D 
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m<D^m^mmyt^^m^\ z\n\zmfrm®.mttft 
[0070] if^6ffi«co^aj{'«tn«, fs^w^ja 
^ l it ©t% mm * a* bj^t-& z #it-m l k v >x 

¥*©B*r*fcSEft;Sl*S££#T€r *>&«>. U>XIH 

m -5 £ £ ifl-V # *3&*7&«» 4 « 
[0 0 7 1 ] i»3}c^7f2«O^BJ{c t J;n«, B3r***nJ 

[0072] m*s8E*©S6Wfcj:ntf, b*t*#*t 

«KB«T*©tt»SfT'5Jl£3^T#*it l b»C. U>X 
# 4 . St jsSr^B icf -5 £ <h a<T # 4 . 

[0073] a!*«9aa*o58WK«tntf, *s««*a« 

W*T»*«*PiaSB#r3fc**£, cofS*oia£JB»f3t 

tjct^-essa*^**. foT, tt^USEBifftt* 
*©#W>XSJRH*t>t>*W>XT«fiKUfc*^fC* 

X\z?Z>mcDm£r£t£®VT. U>X*R, I». 3X 



(11) 

4. 

[0 0 7 4] Mf$£l OE*0>3E9ilc.ktttf. iiSllifg* 

Sffi«»*3Efl:a JST 3 S b T ttS ij tRM 
• mffiM&ttftfi&mX?tz&&&ttftft&tom\z1eti&-t 

[0 0 7 5] lE*©3891KJ:fttf. ^{g* 

K&ih$s<Di}it>m^z-ftisTWiwmwz'tT<,\ mib^ 
(Dttitizmiz. mti^m<D!W.m^fJt>mtizm^Lrz 

D. «*Bl*JB»f3t**TSE*T*JRaE€:llI*fa!ttffi» 

so •OZ.ttf-CZZlfaWjfi&Z). 

[0 0 7 6] m#mi 2Et©*Wi:J:ntf, ^«fg^ 

Ui&EttbTNfe*, WEtS««*tC»)SLT. iRgSJT 

ft¥%m<D&&tgmizttmvTmg.^mz£owiW • 

«*nJ«BJ>T3t***J:^lHlSrS!(fl:ffi»*3EW* : P*W 

[0077] 3E«««i8n«tntf. gi&mm 
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[01] cfiOSSWc^asro^SBilcfc^ft^pnE^* 

[0 2] Jl©*TOOlMfi©»»lK«t*fflf*"T3t3t^ 
SB© 3 fi^f*fflMEfS^>. 
[03] fflBHaKAWUfcTffiifttflHlSfT**^* 

[05] ZfU-XFyU-v-J >¥l'>X(Dffif$,$:^ 



20 
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[0 6] £©f^®S&tt©Jgffil CASttfcpISytS' 
[0 7] ;L©fPj3©Si6©^M5KJ;£fg*^«¥ 
[08] d©fSW©Sljfi©»IB6k:J:*ffi*nI«3t* 
[0 9] «6*©ffif*?I«3tt^S«t*-r*iaHT?* 
[010] — jRtt^X-AJt^RCfS^IEKaroitt 

[011] &w.g<DWiwmT$>z>o 

«) . 101 3fi»»***, 103 feJRMWiE* 
?H#SS .10 4 «cAfic4BXM*7'«ifll 

mm (Btfgttffi^tfXH* 1 ? fwwg«) .107 * 
?-*>*;MteB& .108 »^*>*;iofci& 
(fts&) .109 »^*>*;wti& ot») .110 

j&H&ffl^il^ (E»rSffifflfl'#*PI* ; F> . 2 0 
0 «S71/^;H/>X (i£H£ffl^fck>X. fg*«J 

SEBtfrtt**) .201 ig?ji7U*;n^>X«i!WS« 

(.mm^mmm^^mmmm) .202 (* 

g^fS:) .3 0 4 EOU>X (EOttn&m^tzU> 
X, te*nI«B*T3fc3*J&) . 



[0 3] 



[0 4] 



lll-v 




[010] 



[011] 
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(14) 



IM2] 



-tf -K- 

*K ^ mg .m 
& 

OO CT> O Jgj 
O O O i— I ■ — ' 



to 
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(15) 




[06] 



20L 



HI7 




[0 8] 



[07] 



302 



200 ^110 




303^^ L 




300 1 



7X1 



'301 
304 



104, 



304: EOl/>X 

[0 9] 



202 



mm 



2 0 0 : m&7 \s*;V\s^X 
2 0 2: ft-#& tftJt^B)- 




